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ANNASAMI YAMUNA, PHD
AMBADY RAMACHANDRAN, MD
OBJECTIVE — The objectives of this study were to determine age- and sex-speciﬁc concen-
trationsofadiponectininAsianIndianteenagersandadultsandtoassesswhetheritsbloodlevels
correlated with insulin resistance and other cardiometabolic parameters.
RESEARCH DESIGN AND METHODS — We studied 196 teenagers (94 boys, 102
girls) 12–18 years of age, selected from a cohort of 2,640 individuals from a cross-sectional
school-based survey in Chennai, India. For comparison, adiponectin and plasma insulin were
measured in 84 healthy adults. Correlation of adiponectin with plasma levels of insulin, proin-
sulin, insulin resistance, anthropometry, and family history of diabetes were studied.
RESULTS — Adiponectin showed a sex dimorphism, with girls having higher values (in
g/ml) (10.3  5.0) than boys (8.4  3.5) (P  0.0001), and it showed a positive correlation
with HDL cholesterol in boys only and not with other lipid parameters, insulin resistance,
proinsulin, anthropometry, and family history of diabetes. In the adults, adiponectin correlated
with fasting glucose and inversely with triglycerides.
CONCLUSIONS — In Asian Indian adults and teenagers, adiponectin did not correlate
directly with measures of insulin sensitivity, overweight, and other cardiometabolic variables.
This was at variance with several reports in other populations showing an inverse association of
adiponectin with insulin resistance, proinsulin, and BMI, suggesting ethnic differences in the
relationship of adiponectin with insulin sensitivity. The role of adiponectin in relation to action
of insulin needs more detailed studies in Asian Indians.
Diabetes Care 31:2374–2379, 2008
A
varietyofadipokineshavebeenim-
plicated in causation of insulin re-
sistance, systemic inﬂammation,
and atherosclerotic processes (1–5).
Among these, Adiponectin is the most
abundant and is shown to have insulin-
sensitizing, antiatherogenic, and anti-
inﬂammatory properties (3–5). Sex
dimorphism is generally observed, with
females having higher concentrations (5–
7). Hypoadiponectinemia is common in
obese adults (4), obese children and ado-
lescents (5,6,8–10), and subjects having
insulinresistanceatallages(3,9,10).Low
adiponectin is shown to be predictive of
future diabetes, in many populations, in-
cluding the Asian Indians (7,11). Adi-
ponectin is inversely related to proinsulin
(9). Higher concentrations of proinsulin
are associated with cardiovascular risk in
adults (12,13) and also in adolescents
(14). A raised proinsulin-to-insulin ratio,
often found in diabetes, is considered an
index of -cell dysfunction.
Our recent study in adolescents
showedahighprevalenceofinsulinresis-
tance and cardiovascular risk factors;
65% of normal weight and 85% of over-
weight children and adolescents showed
presence of at least one cardiovascular
risk factor (15). Whereas many studies in
white teenagers had demonstrated such
abnormalities in obese subjects (10), we
observed these abnormalities even in
nonobese subjects. In light of evidence
showing an important role for adiponec-
tininregulationofinsulinactionandhav-
ing antiatherogenic properties, we
studied its association with cardiometa-
bolic variables including insulin resis-
tance and proinsulin in Asian Indian
teenagers.Asubsamplefromthecohortof
our previous study (15) was used for this
analysis.
The objectives of the study were 1)t o
determine age- and sex-speciﬁc values of
adiponectin and proinsulin in Asian In-
dianteenagers,2)toassesstheassociation
of adiponectin with cardiometabolic risk
variables,3)toseeifabnormalproinsulin-
to-insulin ratio suggestive of early -cell
dysfunction was present in association
with other abnormalities, and 4) to see if
positive family history of diabetes inﬂu-
enced the levels of adiponectin, insulin,
proinsulin, and proinsulin/insulin.
RESEARCH DESIGN AND
METHODS— A school-based cross-
sectional survey of 2,640 teenagers
(1,323 boys and 1,317 girls) aged 12–19
years from 16 schools in Chennai, India,
was done (15). Approximately 200 sub-
jects of the cohort were selected for this
analysis, which had an equal number of
boys and girls of normal weight and over-
weight, with a fair representation of age-
groups. Samples from 94 boys and 102
girls were used for the analysis. The study
was approved by the institutional ethics
committee, and informed consent was
obtained from the parents.
Details of demography, medical his-
tory, parental history of diabetes, height
(nearest cm), weight (nearest 0.1 kg) and
waist circumference (smallest girth be-
tween the costal margin and iliac crest, in
centimeters), average of two readings of
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measured using the Tanita body compo-
sition analyzer (Model TBF-300; Tanita,
Tokyo, Japan; calibrated to suit Indian
population) were recorded.
The day before blood collection, chil-
dren were instructed by the teachers to
come in the fasting state for blood tests.
Blood samples were collected between
7:00 and 8:00 A.M., from children of one
classperday,numbering40–50,afteren-
suring that they were fasting. Samples
were brought in ice to the laboratory.
Fasting plasma glucose (glucose–
oxidase peroxidase method) and lipid
proﬁle (standard enzymatic procedures
using Roche Diagnostic reagents, Mann-
heim,Germany)wereestimatedusingthe
Hitachi 912 autoanalyzer. Plasma insulin
was measured using a radioimmunoassay
kit(Diasorin,Saluggia,Italy),whichhada
sensitivity of 4 U/ml (24 pmol/l), and
intra- and interassay coefﬁcients of varia-
tions were 10%. Insulin resistance was
calculated using the homeostasis model
assessmentforinsulinresistance(HOMA-
IR). Plasma proinsulin and adiponectin
were measured using radioimmunoassay
kits provided by Linco Diagnostics (St.
Louis, MO). Sensitivity of the kit for
proinsulin was 2.0 pmol/l and intra- and
interassay variations were 7–11%.
Plasma samples of adiponectin were di-
luted 1:200, yielding an effective range
of 0.2–40 g/ml, with the intra- and
interassay variations of 7 and 10%,
respectively.
Molar ratio of proinsulin to insulin
was calculated. HOMA-IR was consid-
ered as the index of insulin sensitivity.
Cutoff values were derived for BMI
(85th percentile), waist circumference
(75th percentile adjusted for age and
sex), and blood pressure (90th percen-
tile adjusted for age and sex). The cutoff
values for triglycerides (TG) (1.1
mmol/l) and HDL cholesterol (1.3
mmol/l for girls of all ages and boys aged
15 years; 1.17 mmol/l for boys aged
15–19 years) were used, as suggested by
DeFerrantietal.(16).Normalfastingglu-
cose was taken as 5.6 mmol/l. The 75th
percentile of HOMA-IR in normal-weight
teenagers without any risk factors was
considered the cutoff for normal. The
value was 3.62 (15). Cardiometabolic
variables studied were blood pressure,
plasma cholesterol, TG, HDL cholesterol,
fasting plasma glucose, and insulin resis-
tance (HOMA-IR) in subjects dichoto-
mized as overweight and normal, based
ontheBMI.Waistcircumferencewasalso
included as a risk variable.
Occupation of parents, possession of
automobiles,andlocationandtypeofres-
idence gave a reliable index of the socio-
economic status. Physical activity score
was calculated based on sports activities,
kilometers walked per day, and mode of
transport to school. Activity score ranged
from 0 to 7: 0, least physical activity at
work and during leisure time; 7, maxi-
mum walking/cycling to school and
sportsactivities.Dietscorewascalculated
by adding the frequency per week of in-
termediate food items such as ice cream,
sweets,softdrinks,chocolate,friedfoods,
and eating out, and daily consumption of
calories was calculated by using a 24-h
diet recall method. The total score was
divided into tertiles.
Adiponectin, proinsulin, insulin, and
HOMA-IR were studied in relation to sex,
BMI, and family history of diabetes. The
parameters were also analyzed in relation
to the cardiovascular risk variables.
For comparative purposes, adiponec-
tin and fasting plasma insulin levels in 84
normoglycemic healthy adults (male:
female 44:40) with a mean age of 45.6 
5.2 years and BMI of 26.5  3.0 kg/m
2
were also analyzed. These samples were
available from a community survey in the
city.
Statistical analysis
Pearson’s correlations between the vari-
ables were assessed. HOMA-IR values
were log-transformed before statistical
analysis. Mean and SD or median values
are reported. Unpaired t test or median
test was used for group comparisons.
Comparisonoflevelsofadiponectin,pro-
insulin, proinsulin-to-insulin ratio, and
HOMA-IR in the presence of single or
multiple cardiovascular abnormalities
was done. P values 0.05 were consid-
ered statistically signiﬁcant.
RESULTS— The study group of 196
individuals (94 boys and 102 girls) had a
mean  SD age of 15.5  1.3 years, BMI
of 23.4  5.5 kg/m
2, and waist circum-
ference of 72.3  13.7 cm.
Table1showsthevaluesofadiponec-
tin, insulin, and proinsulin in the teenag-
ers and adiponectin and insulin values in
the adults (proinsulin was estimated in
160 teenagers). Girls had higher values of
adiponectin and HOMA-IR. Plasma insu-
lin, HOMA-IR, and proinsulin were
higher in overweight teenagers of both
sexes,butadiponectinwasnotinﬂuenced
by body weight. The ﬁndings in adults
related to adiponectin and insulin were
similar. Parental history of diabetes did
notinﬂuencethehormonallevelsorinsu-
lin resistance in teenagers, but in adults,
insulin concentrations were higher with
positive family history. Socioeconomic
differences showed no inﬂuence on the
hormonal levels.
Sex dimorphism was seen in adi-
ponectin in the adults also. The value was
13.4  7.0 g/ml in men and 16.5  6.3
g/ml in women (P  0.037).
Table2showscorrelationsofthehor-
mones with cardiometabolic variables.
Sex differences were seen in the correla-
tions with some variables. In both sexes,
insulin and HOMA-IR signiﬁcantly corre-
lated with BMI, waist circumference,
body fat percentage, blood pressure, TG,
and proinsulin. Insulin and adiponectin
were not correlated and HOMA-IR
showed signiﬁcant correlation with fast-
ing glucose in both sexes. Inverse corre-
lationswithHDLcholesterolwerepresent
in girls only. In boys, proinsulin corre-
lated with age, TG, insulin, and
HOMA-IR and, in girls, with BMI, waist
circumference, blood pressure, TG, HDL
cholesterol, insulin, and HOMA-IR. Adi-
ponectin showed a correlation with HDL
cholesterol and insulin in boys only.
In adults, adiponectin showed a pos-
itive correlation with fasting glucose (r 
0.237, P  0.012), inverse correlation
with TG (r  0.02, P  0.032), and no
signiﬁcantcorrelationwithfastinginsulin
or HOMA-IR.
AsshowninTable3,adiponectinwas
not affected by the presence of cardiom-
etabolic abnormalities, while elevated an-
thropometry, blood pressure, plasma
glucose, TG, and lower HDL cholesterol
showed an associated increase in insulin
and insulin resistance. As the changes
weresimilarinboysandgirls,dataforthe
total group are shown. Proinsulin was
higher in the presence of overweight or
increased waist circumference and with
increased plasma glucose. The proinsu-
lin-to-insulin ratio was normal in the
presence of abnormalities, except with el-
evated fasting glucose.
Presence of abnormalities was signif-
icantly associated with higher plasma in-
sulin levels and insulin resistance (Table
3). Adiponectin showed no difference
with levels of physical activity (low 9.2 
4.3 g/ml and high 10.0  5.0 g/ml;
P  0.29) or with differences in diet
habits.
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adolescents, association of adiponectin
with insulin sensitivity and cardiometa-
bolic variables varied from reports in
other populations. This study had been
one among the few reports on the rela-
tionship of adiponectin with markers of
insulin sensitivity, -cell function, and
cardiovascular risk in native Asian Indian
children of peripubertal age. Our previ-
ous prospective study in adults showed a
predictive role for hypoadiponectinemia
for future diabetes (7). This study did not
support the hypothesis that adiponectin
couldpossiblybethelinkforpathological
components such as insulin resistance.
Insulin resistance and adiponectin were
not directly associated either in the youth
or in healthy adults. Similarly, a direct
link was not seen between adiponectin
and cardiometabolic abnormalities
present in the teenagers.
Racialdifferencesinadiponectincon-
centrations had been observed in adults
(17) and in adolescents (5,10). Asian In-
dians were shown to have lower values
than their coinhabitants of other races
(17,18).WefoundthatAsianIndianteen-
agers had lower BMI but had lower adi-
ponectin values than their white peers,
and the values were similar to African
Americans (9). Teenagers had lower val-
ues than the adults (7). Sex dimorphism
with higher values in females was seen, in
agreement with other studies in children
and adolescents (5,6). Age-related reduc-
tion in adiponectin attributed to hor-
monal changes and increasing fat mass,
occurring in pubertal stage, had been re-
ported (5,8,9). Adiponectin concentra-
tions in Asian Indian teenagers were not
age-related, as was reported in a French
study (19).
Adiponectin did not correlate with
measures of adiposity either in the Indian
teenagersoradults,incontrastwithmany
other studies in children (6,8,9) and in
adults (4,11,17), which showed an in-
verse association between these variables.
Kettaneh et al. (19) noted that adiponec-
tin correlated with waist circumference
and BMI in boys but not in girls. With the
degree of obesity being generally low in
theteenagers,theinﬂuenceoftrueobesity
could not be studied.
Indians have a higher body fat per-
centage for a given BMI than the white
populations. In a study of Asian Indian
males of 14–18 years, from northern In-
dia, inverse correlation of adiponectin
with fasting insulin and HOMA-IR was
observed, which became insigniﬁcant af-
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centage (20).
Among other cardiometabolic vari-
ables, adiponectin correlated positively
with HDL cholesterol only in boys, an as-
sociationthathadbeenreportedindiffer-
ent populations (5,9,10,18,19). Low
adiponectin values in South Asians are
considered to be consistent with the low
HDL cholesterol levels in the population
(17).
Whereas a number of studies in chil-
drenshowednegativeassociationofinsu-
lin resistance and adiponectin
independent of adiposity (9,10), some
others failed to do so (6,19). The former
studies had a large proportion of obese
subjects. Punthakee et al. (6) found a
strong interaction between BMI z score
and adiponectin on insulin concentra-
tion. Plasma adiponectin did not show an
association with insulin and insulin resis-
tance in the teenagers or adults, in con-
trast to the observations in other
populations (4). Recently, a comparative
analysis of South Asian and Caucasian
women in the U.S. showed ﬁndings sim-
ilar to ours indicating ethnic differences
in the relationship of adiponectin and in-
sulinsensitivity(21).SouthAsianwomen
had lower adiponectin than the Cauca-
sian counterparts. However, insulin-
resistant status was not associated with
lower adiponectin in South Asians, in
contrast to the Caucasian women. Both
the total and high molecular form of adi-
ponectin were low in South Asian women
irrespective of the degree of insulin sensi-
tivity (21).
Insulin resistance increased with in-
creasing number of cardiometabolic ab-
normalities, with no corresponding
changeinadiponectin,provinginsulinre-
sistance and adiponectin were not corre-
lated. Studies in white children and
adolescents (9) found adiponectin to be
the possible key molecule linked to com-
ponents of the metabolic syndrome.
These studies were also done in obese
subjects. Kantartzis et al. (22) noted that
adiponectin correlated signiﬁcantly with
insulin sensitivity in glucose-tolerant
obesesubjects.Suchamechanismmaybe
operative in Asian Indians.
The concentration of proinsulin in
the teenagers (median 7.1 pmol/l) was
similar to the mean value reported by us
innormoglycemicadultsinanotherstudy
(7.00.52pmol/l)(23).Intheteenagers
and in the adults, proinsulin concentra-
tions increased with overweight and ele-
vated fasting glucose. In the teenagers,
parallel elevations in proinsulin and insu-
lin, with a normal proinsulin-to-insulin
ratio,indicatedthattherewasnodefectin
processing of the proinsulin molecule.
Lack of correlation of adiponectin
withproinsulinandproinsulin-to-insulin
ratio in our study was in contrast to a re-
port in white adolescents showing a sup-
pressive effect of adiponectin on proinsulin
(9).
Presence of family history of diabetes
did not alter adiponectin secretion in
Asian Indians. This was also shown by
Table 3—Hormonal proﬁle in relation to abnormalities in cardiometabolic variables
Mean values (n  196) Median values (n  160)
n (%)
Adiponectin
(g/ml)
Insulin
(pmol/l) HOMA-IR n (%)
Proinsulin
(pmol/l)
Proinsulin-
to-insulin
BMI (kg/m
2)
Normal 87 (44.3) 9.0  4.5 87.7  57.8 3.1  2.0 62 (38.8) 4.6 0.042
Abnormal 109 (55.7) 9.7  4.4 171.3  75.3† 6.3  2.9† 98 (61.2) 8.3† 0.05
Waist circumference (cm)
Normal 89 (45.4) 9.4  4.7 98.5  66.2 2.9  2.0 65 (40.1) 5.2 0.042
Abnormal 107 (54.6) 9.4  4.3 163.8  77.9* 5.3  1.8* 95 (59.9) 7.9‡ 0.05
Body fat (%)
Normal 102 (52.0) 9.3  4.6 102.8  72.6 2.9  2.0 76 (47.5) 5.7 0.053
Abnormal 94 (48.0) 9.4  4.3 168.2  73.0* 5.7  1.6† 84 (52.5) 7.5 0.047
Blood pressure (mmHg)
Normal 161 (82.1) 9.3  4.2 120.8  69.5 3.6  1.9 133 (83.1) 6.9 0.051
Abnormal 35 (17.9) 9.8  5.5 195.4  94.7† 6.4  1.9† 27 (16.9) 9.1 0.042
Triglycerides (mmol/l)
Normal 143 (72.0) 9.6  4.7 124.5  75.1 3.7  2.0 115 (71.9) 6.9 0.05
Abnormal 53 (27.0) 8.7  3.8 160.2  86.3‡ 4.9  1.8‡ 45 (28.1) 8.9 0.05
Cholesterol (mmol/l)
Normal 163 (83.2) 9.5  4.5 132.4  79.1 3.9  2.0 130 (81.3) 6.6 0.046
Abnormal 33 (16.8) 9.0  4.6 143.0  63.1 4.4  2.0 30 (18.7) 9.3 0.064
Fasting plasma glucose (mmol/l)
Normal 183 (93.4) 9.4  4.5 131.0  77.5 3.9  1.9 150 (93.8) 7.0 0.048
Abnormal 13 (6.6) 8.5  3.9 178.4  98.1‡ 5.4  3.5‡ 10 (6.2) 12.3* 0.092*
HDL cholesterol (mmol/l)
Normal 64 (32.7) 9.5  4.5 120.0  79.6 3.5  1.9 102 (63.8) 7.2 0.05
Abnormal 132 (67.3) 9.5  4.4 141.0  79.0‡ 4.3  2.0‡ 58 (39.2) 7.0 0.043
Abnormalities
None 88 (44.9) 9.3  4.5 112.0  66.3 4.0  2.5 70 (43.8) 7.1 0.054
1 80 (40.1) 9.4  4.5 134.2  79.6§ 4.9  3.0§ 66 (41.3) 6.4 0.042
2 28 (14.3) 9.0  3.8 176.6  91.9 ¶ 6.6  3.5 ¶ 24 (15.0) 9.0 0.051
Data are means  SD or median unless otherwise indicated. *P  0.0001; †P  0.001; ‡P  0.05; §P  0.05 vs. none;  P  0.0001 vs. none; ¶P  0.02 vs. 1.
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trast to other observations in Swedish
populations (3). Level of physical activity
also had no correlation with plasma
adiponectin.
The cross-sectional nature of the
study has been the major limitation. The
lack of an association between adiponec-
tin and many of the cardiometabolic vari-
ables can only be suggestive, but does not
prove, that adiponectin has no important
role in causation of these disorders. The
results may be inﬂuenced by the low lev-
els of adiponectin present in the popula-
tion. Prospective studies are needed to
answerthesequestions.Wehadalsoused
proxy measurements for insulin resis-
tance and -cell function. Hitherto, a ma-
jorityofpopulationstudieshadusedsuch
a methodology, since direct measure-
ments of these functions are not feasible
on a large scale.
We had not assessed the stages of pu-
berty in our study subjects. Insulin and
adiponectin concentrations did not show
variations with age, and hence the results
might not have been inﬂuenced by the
stagesofpuberty.However,consideringa
strong inhibitory effect of testosterone on
total adiponectin, and its sex-speciﬁc in-
ﬂuence on adiponectin during puberty
(24), studies addressing these aspects are
warranted in Asian Indians.
AsianIndianshaveastrongracialpre-
disposition for insulin resistance with a
peculiar phenotype characterized by lean
BMI and higher upper-body adiposity
and high body fat percentage. They also
show distinct features associated with in-
sulin resistance, such as a lack of associa-
tion of intramuscular triglycerides with
insulin resistance and lack of deranged
mitochondrial ATP production, in con-
trast to the white population (25). High
concentration of adiponectin was found
to be protective against diabetes (7). It
was intriguing to note that adiponectin
did not show correlations with insulin,
insulin resistance, and proinsulin in teen-
agers and adults in this population. More
detailed prospective studies on the com-
plex nature of relations between adi-
ponectin and insulin sensitivity are
required to answer these questions.
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